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ABSTRACT 
The present manuscript reports an exploratory approach on fabrication and characterization of dimensional 

stability of Laminated Veneer Lumbers (LVLs).The processes of LVLs fabrication was executed through 

implication of a series of adhesive formulations (AFs) involving epoxy resin supplemented with various weight 

fractions of bentonite under four ply arrangements of poplar wood veneers. LVLs were characterized through 

scanning electron microscopy, water absorption (WA) and thickness swelling (TS) tests. Study reveals that 
LVLs with 12 mm thickness has shown enhanced density, control over WA and TS. The study demonstrates a 

viable method of implication of BECs as adhesive for fabrication of LVLs with improved dimensional stability, 

making them suitable for possible outdoor applications. 
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I. INTRODUCTION 
Cultivation and harvesting of fast growing 

varieties of trees for wood production and 

transformation into structural components has 

received paramount attention since inception of 
civilization [1-2]. Because of soft material 

characteristics, the high proportion of cellulose over 

lignin make wood as inferior object for structural 

applications. For such reasons, low grade wood 

varieties are the subject of modification [3-7] and 

preservation [8-16] into value added products. 

Presently, Poplar is used as fuel, and raw 

material for pulp & paper industries, fabrication of 

packaging articles, civil structures and ply boards. 

However, the physical and biodegradation  under 

humidity, heat, mechanical  stress and microbes 
makes poplar  wood as inferior composite  materials 

for high performance applications [3-

7].Advancements in polymer science and  

engineering  has made possible to enhance the 

durability of poplar and alike low grade wood for 

structural applications through reinforcing 

polymeric fillers [17-22] and adhesives bonding of 

veneers [23-27]. Furthermore, the physical and 

environmental durability of veneers based wood 

products are conveniently optimized through tuning 

the chemical composition of adhesives and 

orientation of veneers [23-27]. Literature survey 
reveals the fabrication and characterization of a 

series of sandwiched wood structures derived 

through adhesive bonding of phenol formaldehyde 

[27-29], ER [29-31], polyurethane [31-32], 

polyvinyl acetate [32], urea formaldehyde[25-26, 

33-34] and melamine-urea formaldehyde [34] with 

veneers of rubber [28], black alder [32], beech [34], 

poplar [25, 27, 29-30], hornbeam [33], P.fortunei 

[26] and tinussylvestris [31].Efforts has been 

reported on filler assisted modification of adhesives 

through implication of carbon fiber [29], nanosilica 
[33] and montmorillonite [26,34]. 

In the present investigation, efforts were 

made on development and dimensional stability 

assessment of the proposed laminated veneer 

lumbers (LVLs) through adhesive bonding of poplar 

veneers with adhesive formulations (ARs) involving 

ER supplemented with various WF of BN. 

 

II. EXPERIMENTAL 
Starting Materials 

Epoxy resin (ER, CY 230) and hardener 

(HT 972) were procured from Huntsman India PVT 

limited. Bentonite (BN 500 μm) was procured from 

Himedia private limited India. AFs were prepared 

through dispersion of various WF of BN ranging 1.0 

to 3.0 into ER @ 500 rpm over 20 min .  

 

Fabrication of LVLs 

Poplar (Poplar deltoids) wood logs of 

average age of 4 years and diameter of 30±5 cm was 

procured from Department of Agroforestry of 
G.B.Pant University of Agriculture & Technology, 

Pantnagar India. The logs were fabricated into 

veneers with dimensions of 300X 80x3 mm
3
. LVLs 

was fabricated through laying of AFs (15 mL) over 
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individual veneers in four ply arrangement followed 

by hot press. The weight fraction of BN into AFs 

was varied in the range of 1 to 3 wt%. The epoxy 

bond veneers were cured under hot press at 25°C/ 10 

kg/cm2 over 24h to afford the LVLs.  

 

Characterization 

Scanning electron micrographs were 
recorded over JEOL JSM-6610 LV at 10 to 15 kV 

,30X, 500 μm. LVLs  and respective veneers were 

characterized for their density (ASTM D 2397-17), 

WA (%) and TS (%) (ASTM D1037-12a).  

Dimensional stability of LVLs and respective 

veneers was measured at their common sample size 

of 76x76x12 mm3 under vertical submersion into 

deionized water at 20±1°C at 2h and 24h.Their 

dimensional stability was measured through 

differential weighing with precision of 0.001g and 
vernier caliper with least count 0.02 mm.  

 

 
                      Fig.1: Fabrication and Characterization of LVLs 

 

III. RESULTS AND DISCUSSION 
SEM reveals the characteristic particulate 

morphology of BN (Fig.1a). However, veneers has 

rendered the porous morphology with distinct voids 

that were appeared during the tensile test specimens 

of LVLs. Distinct adhesive bonding and 

reinforcement of BN was rendered by the SEM of 

LVLs [35-36].Poplar veneer has rendered the 0.47 

g/cc density that was increased with WF of BN into 

AFs ranging 0.51 to 0.55 with ultimate increase of 

17.02 % over poplar veneer (Fig.1d). Early studies 

reveals the 0.39 g/cc density of LVLs derived 

through adhesive bonding of poplar veneers with 
phenol formaldehyde [27]. Adhesive bonding of 

poplar veneers with phenol formaldehyde and epoxy 

resins has rendered LVLs with increase (%) in their 

density to 3.84 [29] and 20.51[30]. 

Dimensional stability data of LVLs were 

recorded and separately presented in terms of their 

water absorption (WA, Fig.1e) and thickness 

swelling (TS, Fig.1f).Poplar veneers with 12mm 

thickness has shown 31.61% WA at 2h and 61.71% 

at 24h respectively .LVLs derived thorough 

lamination of epoxy has rendered respective WA of 

29.60 and 47.31 at 2h and 24h.Modification of 

epoxy at 1.0 WF of BN has rendered a reduction in 

WA of LVLs to 17. 07 and 39.11 at 2h and 24h 
respectively. Further increase in WF of BN to 2.0 

has reduced the WA of LVLs to 13.94 and 31.49 at 

2h and 24h respectively. Addition of 3WF of BN has 

however abnormally enhanced the WA of LVLs to 

15.32 and 37.31 at 2h and 24 h respectively. The 

possible reason of such abnormal increase in water 

absorption of LVLs at 3.0 WF of BN may be 

associated with increase in viscosity of AFs. 

Polar veneers with 12mm thickness has 

shown TS (%) of 4.61in 2h and 5.57 in 24h.Control 

over WA has simultaneously affected the TS of 

LVLs. LVLs derived through adhesive bonding of 
ER  has shown 3.78 mm of TS at 2h and 4.82 mm at 

24h in water. Under identical immersion conditions, 

LVLs has shown gradual decrease in TS to 2.25 at 

2h and 4.04 at 244h respectively up to 2.0 WF of BN 

in AFs. Further increase in WF of BN to 3.0 has 

raised the viscosity of AFs that has rendered the 

LVLs with enhanced TS to 3.45 in 2h and 4.36 in 
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24h respectively. The early reports reveals 48.03% 

increase in TS of LVLs derived through adhesive 

bonding of poplar veneers with urea formaldehyde 

resin within 24h of immersion [26]. 

 

IV. CONCLUSION 
Laminated veneer lumbers from poplar 

wood veneers were successfully fabricated through 

adhesive bonding of epoxy under various weight 

fractions of bentonite, followed by mechanical press. 

Scanning electron microscopy reveals distribution of 

bentonite into porous matrix of poplar wood veneers. 

With weight fraction of bentonite, the density of 

LVLs was increased with simultaneous control in 

their water   thickness swelling under immersion in 

water over 24hours. From the present study this can 

be concluded that immersion of poplar veneers has 
rendered 31.61%WA and 4.61% TS in 2h , that was 

respectively increased to 61.71 and 5.57 in 24h. 

However, LVLs derived at 2.0 WF of AFs with 

identical dimensions and length of immersion has 

rendered substantial reduction in  13.94% of WA 

and 2.25% of TS in 2h.Further immersion of LVLs 

to 24h has raised the respective WA and TS to 

31.49% and 4.04% respectively. The present 

exploratory findings prompts for further 

investigation of physical, thermal and mechanical 

properties of LVLs for their potential applications in 
designing and development of durable composite 

structures for outdoor applications.   

 

ACKNOWLEDGEMENT 
Authors hereby acknowledge the facilities 

extended by the Head of Department of Mechanical 

Engineering, College of Technology, Pantnagar. The 

additional experimental facilities related to chemical 

processing extended by Dr.M.G.H. Zaidi and 
Dr.S.Mahtab at Department of Chemistry, C.B.S. & 

H., are hereby further acknowledged. 

 

REFERENCES 
[1]. S. Klarić, and M. Obučina. New Trends in 

Engineering Wood Technologies. Lecture 

Notes in Networks and Systems. 2019,712–

727.  

[2]. T. Nilsson and R. Rowell. Historical wood- 

structure and properties. Journal of Cultural 
Heritage. 13(3), 2012, S5–

S9. doi:10.1016/j.culher.2012.03.016 

[3]. P. Pařil and  A. Dejmal. Moisture absorption 

and dimensional stability of poplar wood 

impregnated with sucrose and sodium 

chloride. Maderas Cienc. Technology. 6(3), 

2014,299-311 

[4]. T. Yang and E. Ma. Moisture Sorption and 

Thermodynamic Properties of Wood under 

Dynamic Condition International Journal of 

Polymer Science Article ID 2454610, 

2016.8p, doi.org/10.1155/2016/2454610 

[5]. Y. Qing, M. Liu, Y. Wu, S. Jia, S. Wang, X. 

Li. Investigation on stability and moisture 

absorption of superhydrophobic wood under 

alternating humidity and temperature 

conditions. Results in Physics. 7, 2017,1705–

1711 
[6]. G. Canosa, P.V. Alfieri, C.A. Giudice. Low 

Density Wood Impregnation with Water-

Repellent Organosilicic Compounds. Journal 

of Materials Science and Chemical 

Engineering.  6, 2018, 39-51 

[7]. J. Chen, Y. Wang, J. Cao, W. Wang. 

Improved Water Repellency and Dimensional 

Stability of Wood via Impregnation with an 

Epoxidized Linseed Oil and Carnauba Wax 

Complex Emulsion. Forests. 11, 2020, 

271,13p 
[8]. E. Rebecca, and R. M. Rowell. Wood 

Preservation Based on Insitu Polymerization 

of Bioactive Monomers. Holzforschung.  55, 

2001,358-364   

[9]. M.G.H. Zaidi. 2-(Methylphenoxamido)-5-(2-

Methylphenoxy Methylene)-1,3,4- 

Thiadiazoles as Potential Fungicides, Asian 

Journal of Chemistry. 7(1&2), 1998,149-151   

[10]. P. Srivastava, L.S. Yadav, M.G.H. Zaidi. 

Synthesis and Fungicidal Screening of 

Isomeric [2-(Methyl Phenyl Carbonyl 

Amino)-5-Methyl Phenoxy Methylene)1,3,4-
Thiadiazoles].Pestology. 46, 

2000,XXXXVI,53 

[11]. V. Yadav, L.S. Yadav, P. Srivastava, 

M.G.H.Zaidi. Synthesis and fungicidal 

screening of Novel 2-Amino-[5-Substituted 

phenyl Methylene]-1,3,4-Thiadiazoles as 

Potential Fungicides. Pestology. XXV(6), 

2001,61-63  

[12]. T.K. Joshi and M.G.H. Zaidi. 2-Amino-5-

Substituted Phenoxy Methyl-1,3,4-

Thiadiazoles:Novel Wood Preservative 
Against Gleophyllum Straitum Pestology. 

27(5), 2003,20-24 

[13]. M. G. H. Zaidi, S. Zaidi, I. P. Pandey. 

Synthesis and Screening of Substituted 

Thiadiazoles Against Gleophyllum Straitum. 

e-J Chem. Article ID 2004, 248431,4p  

[14]. K. Varshney, T. K. Joshi, A. Sharma, M. G. 

H. Zaidi. Preservation of poplar wood against 

Gleophylum straitum through impregnation 

polymerization of methyl methacrylate. 

Journal of Timber Development Association 

of India. 50(2), 2004,42-47 
[15]. K. Varshney. V. Agrawal, P.L Sah, M.G.H. 

Zaidi, N. Bhullar. Modification in Mechanical 

Thermal and Antifungal Properties of Poplar 



Muhammad Arif, et. al. International Journal of Engineering Research and Applications 

www.ijera.com  
ISSN: 2248-9622, Vol. 11, Issue 2, (Series-II) February 2021, pp. 45-48 

 

 
www.ijera.com                                 DOI: 10.9790/9622-1102024548                                48 | P a g e  
       

 

 
 

Wood through Impregnation Polymerization 

of Methyl Methacrylate. Int’l Journal Pure & 

Applied Chemistry. 3(2), 2006, 415-421 

[16]. S Mahtab, S. Masroor, N. Siddiqui, 

M.G.H.Zaidi. Modification in Durability of 

Poplar Wood through Reactive 

Reinforcement of Polyacrylonitrile Materials 

Today: Proceedings. 26 (2), 2020,1831-1835 
[17]. S.K. Tyagi, P.L. Sah, K. Karshney, M.G.H. 

Zaidi. Wood Polymer Composites from 

Acrylic Monomers J Timber Development 

Association of India 49 (1), 2003,17-25 

[18]. Y. Kumar, M.G.H, Zaidi, K. Varshney, and 

P.L. Sah. Wood Polymer Composites from 

Vinyl Monomers: A Review. J Timber Div. 

Assoc. India. 49(1-2), 2003, 17-25  

[19]. T.K. Joshi, M.G.H. Zaidi, P.L.Sah, S.Alam. 

Mechanical and Thermal Properties of Poplar 

Wood Polyacrylonitrile Composites. Polymer 
International. 53, 2005,198-201  

[20]. S. Rathore, M.G.H. Zaidi, A.K, Rai, P.L. Sah, 

I.S Thakur. Optical, Thermal, Mechanical and 

Morphological Properties of Wood PMMA 

Composites. Instr. Sci. Tech. 34(1-2), 2006: 

67-80 

[21]. M. Kumar, P.L. Sah, M.G.H. Zaidi, A. 

Srivastava. Thermal Characterization of Low 

Grade Wood Polyacylonitrile Composite. 

Adv.Mater. Res. 214, 2011, 392-396  

[22]. D. Sandberg, A. Kutnar, G. Mantanis. Wood 

modification technologies - A review. IForest. 
10(6), 2017,895–908 

[23]. E. Burdurlu, M. Kilic, A.C. Ilce, O. 

Uzunkavak. The effects of ply organization 

and loading direction on bending strength and 

modulus of elasticity in laminated veneer 

lumber (LVL) obtained from beech (Fagus 

orientalis L.) and lombardy poplar (Populus 

nigra L.). Construction and Building 

Materials. 21(8), 2007,1720–1725  

[24]. A. Özçifçi, B. Uysal, H. Sizüçen, F. Yapici, F. 

Altun, S. Kurt and G. Özbay. A comparative 
study on some mechanical properties of 

structural composite lumbers (SCL) produced 

from poplar (Populus Tremula L.) panels. 

Technology. 13(2), 2010,85–89  

[25]. M. Nazerian and M.D. Ghalehno. Physical 

and mechanical properties of laminated 

veneer lumber manufactured by poplar 

veneer. Journal of Agricultural Science and 

Technology A. 1(11), 2011,1040-1045  

[26]. A. Bayatkashkoli and M. Faegh Evaluation of 

mechanical properties of laminated strand 

lumber and oriented strand lumber made from 
Poplar wood ( Populus deltoides ) and 

Paulownia ( Paulownia fortunei ) with urea 

formaldehyde adhesive containing nanoclay 

Evaluation of mechanical properties. 

International Wood Products Journal. 5(4), 

2014,192–195   

[27]. B.C. Bal. The effect of span-to-depth ratio on 

the impact bending strength of poplar LVL. 

Construction and Building Materials. 112, 

2016,355–359 

[28]. B.S. Kamala, P.Kumar, R.V. Rao, S.N. 
Sharma. Performance test of Laminated 

Veneer Lumber (LVL) from rubber wood for 

different physical and mechanical properties. 

Holz als Roh - und Werkst. 57(2), 1999,114–

116  

[29]. P. Wei, B.J. Wang,  D. Zhou, C. Dai, Q. 

Wang, S. Huang. Mechanical properties of 

poplar Laminated Veneer Lumber modified 

by carbon fiber reinforced polymer. 

BioResources. 8(4), 2013,4883–4898 

[30]. M. H. Jing, Z. Zheng, and L. M. Li, 
“Production and mechanical performance of 

scrimber composite manufactured from 

poplar wood for structural applications,” J. 

Wood Sci., vol. 62, no. 5, pp. 429–440, 2016 

[31]. Uzel, M., A. Togay, Ö. Anil, and C. Söğütlü. 

Experimental investigation of flexural 

behavior of glulam beams reinforced with 

different bonding surface materials. 

Construction and Building Materials. 158, 

2018,149–163. 

https://doi.org/10.1016/j.conbuildmat.2017.10

.033 
[32]. Y. Kilic, N. Colak, E. Baysal, E.Burdurlu. An 

investigation of some physical and 

mechanical properties of laminated veneer 

lumber manufactured from black alder (Alnus 

glutinosa) glued with polyvinyl acetate and 

polyurethane adhesives. For Prod J. 56(9), 

2006,56–59 

[33]. B. Moezzipour, K. Doosthoseini, M. M. 

Faezipour, and A. Tarmian, “The effect of 

different kinds of nanosilica on practical 

properties of plywood,” J. Indian Acad. Wood 
Sci. 10(2), 2013,118–124 

[34]. K. Doosthoseini and H. Zarea-Hosseinabadi. 

“Using NaMMT nanoclay as a secondary 

filler in plywood manufacturing.” J. Indian 

Acad. Wood Sci. 7(1), 2010,58–64 

[35]. D. Doula, T. Z. Kamile, Candan, and O. 

Unsal. Anatomical Investigation of Thermally 

Compressed Wood Panels. BioResources. 

5(4), 2010,2640-2663  

[36]. V. Hassani, H.R. Taghiyari, O. Schmidt, S. 

Maleki and A.N. Papadopoulos. Mechanical 

and Physical Properties of Oriented Strand 
Lumber (OSL): The Effect of Fortification 

Level of  Nanowollastonite on UF Resin. 

Polymers. 11(11), 2019,1884 


